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(54) B-3-adrencrgic agonists as antidiabetic and antiobesity agents 

(57) The present invention relates to certain compounds ol the formula (I) the raccmic-cnantiomeric mixtures and 
optical isomers of said compounds, prodrugs thereof and the pharmacoutically acceptable salts, depicted below, which 
are (i-adrenergic receptor agonists and accordingly have utility as, inter alia, hypoglycemic and antiobesity agents. 
The invention also relates to methods of use for the compounds and to compositions containing them. The compounds 
of the present invention also possess utility for increasing lean meat deposition and/or improving the lean meat to fat 
ratio in animals, e.g., ungulate animals, companion animals, especially dogs, and poultry The compounds of formula 
(I) have the following structure 




-vhproin Ri R^. R'^ anct R^' are as rletinerl in th^ ^^incifirntion 



EP0 822 185 A1 



Description 

Background of the Invention 

5 The present invention relates to certain compounds ot the formula (I) depicted below, which are (5-adrencrgic 

receptor agonists and accordingly have ulility as, inter alia, hypoglycemic and antiobesity agents. More specifically, 
the compounds of the instant invention are selective agonists of the P3-adrenergic receptor The invention also relates 
to methods of use for the compounds and to compositions containing them. The compounds of the present invention 
also possess utility for increasing lean meat deposition and/or improving the lean meat to fat ratio in animals, e.g. 

10 ungulate animals, companion animals, especially dogs, and poultry 

The compounds of this invention further possess utility in the treatment ot intestinal motility disorders, depression, 
prostate disease, dyslipidemia, and airway inflammatory disorders such as asthma and obstructive lung disease. 

The disease diabetes melhtus is characterized by metabolic defects in production and utilization of carbohydrates 
which result in the failure to maintain appropriate blood sugar levels. The result of these defects is elevated blood 

/5 glucose or hyperglycemia. Research in the treatment of diabetes has centered on attempts to normalize fasting and 
postprandi.al blood glucose levels Current treatments include administration of exogenous insulin, oral administration 
of drugs and dietary therapies. 

Two major forms of diabetes mellitus are recognized Typo 1 diabetes, or insulin-dependent diabetes, is the result 
of an absolute deficiency of insulin, the hormone which regulates carbohydrate utilization. Type II diabetes, or non- 

20 insulin dependent diabetes, often occurs v/ith normal, or even elevated levels of insulin and appears to be the rc-suit 
of the inability of tissues to respond appropiiatoly to insulin. Most of the Type 11 diabetics arc also obese. 

The comipounds of the present invention and the pharmaccutically acceptable salts thereof effectively lower blood 
glucose levels when administered to mammals with hyperglycemia or diabetes 

The C':>mpounds of the present mvpntinn ni.^n rnduco body weight or decrease weight gain when administered to 

C5 animals. The ability of these compounds to affect weight gam is due to activation of P3-adrenergic receptors which 
stimulate the metabolisiTi of adipose tissue. 

1^ Adrenergic receptors have been categorized into \^^-. [V and [53-subtypes. Agonists of (Preceptors promote the 
activation of adenyl cyclase. Activation of Pi-roccptors invokes increases in hearl rate while activation of p2-receptors 
induces relaxation of skeletal muscle tissue which produces a drop in blood pressure and the onset of smooth muscle 

30 tremors. Activation of lV3^receptors is known to stimulate lipolysis (the breakdown of adipose tissue triglycerides to 
glycerol and free fatty acids) and metabolic rate (energy expenditure), and thereby promote the loss of fat mass. Com- 
pounds that stimulate pg-rcccptors arc therelore useful as anti-obesity agents, and can also be used to increase the 
content of lean meat in animals. In addition, compounds which are p3'receptor agonists have hypoglycemic or anti- 
diabetic activity, but the mechanism of this effect is uncertain. 

,35 Until recently p3-adrenergic receptors were thought to be lound predominantly in adipose tissue, pj-receptors are 

now known to be located in such diverse tissues as the intestine (J. Clin, Invest., 344 (1993)) and the brain (Eur 
J Pharm , 2r9, 1 93 (1 992)). Stimulation of the p^-receptor has been demonstrated to cause relaxation of smooth muse le 
in colon, trachea and bronchi I /fe Sc/ences. 44(19). 141 (1989). Br J, Pharm, 1)2, 55(1994); Br J. Pharmacol. V^O. 
1311 (1993), For cxam.pio, stimulation of p3-rcccptors has been found to induce rel.jxatic>f. of histaminc-ODntractod 
guinea p;9 Ileum, J Phnmr E.xp Thcr, 260, 1 192(1992) 

The p3-receptor is also expressed in human prostate Because stimulation of the p3-receptor causes relaxation of 
smooth muscles that h.ive been shown to express the Py-receptor (e.g., intestine), one skilled in the art would predict 
ro!n>ation of prcstato ^mooth muscle Thoroforo p^-agonists are nsotui for the treatment or prevention of prostate 
cJisease 

•iS U.S. Patent 5,061,727 concerns certain substituted 5-(L'-((2-aryl-2-hydroxyethyl)amino)-propyl)-1 ,3-benzcdioX' 

olos which arc disclosed to possess antidiabetic and/or anti-hypcrglycemic and/or anti-obesity properties. 

European Patent publicat.on 516,349, published Deccm,bor 2. 1992, refers to ccrlain 2 hydroxyphcnothyl amines 
vvtiich pc>s5css antiobesity, hyocglycernic .=ind related utilities 

U S Patent 4,358.45^3 is concerned with ccrlain hc(crcK;yulic cofnpounds of tlio formula l1ot-C;llL)[f-CM2 NH ar 
aikyi, useful for trontini:) gl-iuccma and caidiovascutar d'sordors 

1 J s f-atoiit 5.030,640 concoms ceff.^iin (r-holGrocychc flh;^iMM| .ifnino nlkyl mck -(.-v usf!lul as (■;!OVvtii f.Mt.^rrH.KMs 
hioncho' lilators, antidc-prf ssants and ;-intiobo?;ity agents 

U 0 Paten! 5.01 9, 57l^ co'iccms certain u heterocyclic oUnii ,irpirtes uso'ul .;C growlti prorrioloro 

^' S um mnry Of The Invention 



This irwention rclalos to compounds having the formula 1 
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5 



10 




the racemic^enantiomeric mixtures and optica! isomers of said compounds, prodrugs thereof and pharmaceutically 

acceptable salts thereof, 

wherein 

R Ms an optionally substituted phenyl, phenoxyalkyi having 1 to 4 carbons in the alky! portion where the phcnoxy portion 
is optionally substituted, optionally substituted pyridinyl, optionally substituted pyrimidyl, optionally substituted thiazolyl 
or optionally substituted oxazolyl; 

20 where the optionally substituted moieties of are optionally substituted with one to three substitucnts, each 

substituent is independently selected from the group consisting of hydroxy, fluoro, chloro, iodo, bromo, nitro, CF3, 
cyano, suifonamide, (Ci-C6)alkyl optionally independently substituted with one or more halo atoms, (Ci-Ce)alkoxy 
optionally independently substituted with one or more halo atoms, carboxy, hydroxyalkyl. (Ci-C4)aIkoxycarbonyl, 
<n _n ^o^^wHhl.^ cMlfr^nwl Q..lfinul -MY1Y2 .NH-r.n-/r;H^^ -^nhnnvh. -NH-CO-fC.-C.^1alkvl. -NH-SO^-fCHo)„- 

25 (phenyl) and -NH-S02-(Ci-Cio)alkyl; 

a tor each occurrence is independently 0. 1 , 2, 3 or 4; 

and X^for each occurrence are each independently hydrogen. (Ci-C6)alkyl, (C-,-Ca)alkoxy(Ci-C6}a!kyl, or (C3- 
Cgjcycloalkyl, or X^ and X^ are taken together with the nitrogen atom to which they are attached and form a 
saturated heterocyclic ring having from 3 to 7 carbon atoms where one of said carbon atoms of said saturated 

30 heterocyclic ring is optionally replaced by oxygen, nitrogen or sulfur; 

is hydrogen or (C-i-Cgjalkyl; 
R3 is hydrogen or {Ci-C6)alkyl optionally independently substituted with one or more halo atoms; 
R'' is hydrogen or [CyC^ )alkyt optionally independently substituted with one or more halo atoms; and 
R5 is hydrogen 01 (Ci-C4)alkyl, 

35 

The present invention also relates to pharmaceutical compositions, useful for treating a condition, disease, or 
disorder in a mammal, including any of the conditions, diseases and/or disorders disclosed herein, comprising an 
amount of a compound of formula I as defined hereinabove, or a prodrug thereof, or a pharmaceutically acceptable 
salt ol said compound or prodrug, effective in treating such condition, disease, or disorder, and a pharmaceutically 
■io r^ccoptablo carrier Specific conditions, diseases, and/or disorders which are treatable with such compositions include 
diabetes, hyperglycemia, obesity, intestinal motility disorders, airway inflammatory disorders, depression, prostate dis- 
ease, and dyslipidemia. 

■^his invention also relates tc a method ot selectively activating a f53-adrenergic receptor in humans or an animal, 
comprising adminislci ing to said human or animal in need of sucli activation an cftcctive annount 0I a compound ot 
-^5 formula (I) as defined hereinabove A preferred method of the foregoing method is that the animal to which a compound 
of formula (1) is administered to is a dog. 

Preferred compounds, designated "Gioup A", arc those compounds of formula I, as defined hereinabove. v;hcrcin 
n'' is phenoxyalkyi having 1 to 4 carbons in the alkyi portion whore the optional substitucnts are as defined hnreinahove 
and F^2. H^. ,ind are as defined hcrotnabove 
^o 'lonipound;^ which are preferred amcng the (^.rcup A compounds, designated "Grrup B", arc those compounds 

( f rVixip A wherein R ^ is hydrogen 

c ompounds which are preferrecJ amc nc) tho t .rcup B compounds, dosignatod "C>r-jup CV are tlioso cornf)OUiKis 
ol Group B wherein f i - is tCi^C^^lalkyl. 

Compounds which are preferred among !h(! i:^ioijp C compounds, designated "Grc^up D'\ arc those compounds 
^-"^ of Group C wherein R is hydrogen, rnncthyl or ethyl 

Compounds which are preferred among tho Group D compounds, designated "Group E", are those comipounds 
of Gr.^up D wherein R ' is phenoxymethyleno 

Gornponnrfs which are preferred among tho Gmup F" compouncis. cJnr.ignatod "Group F'". are thosn rnfTipnunrk of 
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Group E wherein R ^ is methyl. 

Compounds which are preferred among the Group F compounds, designated "Group G", arc those compounds 
of Group F wherein R ^ is hydrogen or methyl. 

A most preferred compound is the compound of the following formula 



PhO 




COOH 



Another most preferred compound is the compound of the following 




COOMe 



Salt forms of the above compounds are also preferred. 

This invention also relates to a method of treating a condition selected from the group consisting of diabetes, 
hyperglycemia and obesity in a mammal, comprising administering to a mammal in need of such treatment an effective 
amount of a compound of formula I, or a prodrug thereof, or a pharmaccuttcally acceptable salt of said compound or 
prodrug 

This invention also relates to compositions useful for increasing the content of lean meat in animals, comprising 
an amount of a compound of formula I, or a prodrug thereof, or a pharmaceutically acceptable salt of said compound 
or prodrug effective in incrcasina said lean moat content, and a pharmaceutically acceptable carrier. 

This invention also relates to a feed prcmix comprising a compound of formula I. or a f)rodrug Ihciool, or a f;hrii- 
maceutically acceptable salt of said compound or prodrug and one or more carriers. 

This invention further provides a high potency concentrate comprising a compound of formula I, or a prodrug 
thereof, or a pharmaceutically nuceptable salt of said compound or prodrug and one or more carriers. 

This invention also relates to a method of increasing the content of lean meat in animals connprising administering 
to an animal an cftcclivc amount of <i compound uf loimuln I, or a prodrug thereof, or a phafmaccutically :iCCcp!ab!o 
■:;rjit of said coiTipound or prodrug 

This invention also lofatos tc- a motfioci for treating prostate ciisease in a rnamrnal, pfcferably a human, comprising 
adniinistcfing to h mammal in ru:!od of such Ireatrnent an olfeclive amount of a compound of formula I, or a prodrug 
thereof, or a pharmaceutically acccp:'tablc salt of said compound or prodrug 

T he present invention also relates to a r nethcxJ of treating a condition selected from the group consisting of inter tinal 
motility disorders such as tnitable trowel syndrome, peptic ulceration, esophagitis, gastritis and duodenitis, (including 
that induced by H. pylon) , intestinal ulcerations {including inflammatory bowel disease, ulcerative colitis, Crohn's dis- 
ease and proctitis) and gastrointestinal ulcerations in a mammal, preferably a human, comprising administering to a 
mammal in npod of such troatrriont an otfecttve amount of a compound of formula i, or a proffrug thereof, or a phar- 
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maceuticalfy acceptable salt of said compound or prodrug. 

The present invention also relates toa method for treating depression in a mammal, preferably a human, compnsing 
administering to a mammal in need of such treatment an effective amount of a compound of formula I, or a prodrug 
thereof, or a pharmaceutically acceptable salt of said compound or prodrug 

5 The present invention also relates to a method for treating dyslipidemta in a mammal, preferably a human, com- 

prising administering to a mammal in need of such treatment an effective amount of a compound of formula I, or a 
procJrug thereof, or a pharmaceutically acceptable salt of said compound or prodrug. 

The present invention also relates to a method of treating airway inflammatory disorders, especially asthma, com- 
pnsing administering to a mammal in need of such treatment an effective amount of a compound of formula I, or a 

70 prodrug thereof, or a pharmaceutically acceptable salt of said compound or prodrug. 

This invention includes prodrugs of compounds of formula I having free amino, amido, hydroxy or carboxylic groups. 
Prodrugs are understood to comprise an amino acid residue, or a polypeptide chain of two or more (e.g., two, three or 
four) amino acid residues which are covalenlly joined through peptide bonds to free amino, hydroxy or carboxylic acid 
groups of compounds of formula 1 The amino acid residues include the 20 naturally occurring amino acids commonly 

15 designated by three letter symbols and also include, by way of example and not of limitation, 4-hydroxyproline, hydrox- 
ylysino, dcmosine. iscdemosine, 3-methylhistidine, norvalin, bcta-aianine, gamma-aminobutyric acid, citrulline, homo- 
cysteine, homoserine, omithtne and methionine sulfone Prodrugs are also understood to include carbonates, car- 
bamates, amides and alkyi esters which are covalenlly bonded to the above substituonts of formula 1 through the 
carbonyl carbon prodrug side chain. Prodrugs also include compounds in which the secondary amine and its p-hydroxy 
when taken together form a group of the formula 




wherein f-V and arc as defined tn formula I, q is 0 or an integer from 1 to 6, and U and V arc each independently 
carbonyl, methylene, &O2 or SOg, wherein methylene is optionally substituted with hydroxy 

It is noted that certain compounds of formula i, wherein the and moieties are either or both (Ci-C4)alkyl and, 

35 therefore, is a carboxylic ac id ester moiety, are both active compounds and prodrugs. That is, the esters just mentioned 
are active compounds They can also hydrolyze in the body to yield the corresponding (free) carboxylic acids which 
are also themselves active compounds. Such hydrolysis can be desirable since the free acid is selective for the P3- 
subtype adrenergic receptor, pg-selectivity reduces or avoids undesirable effects that may be present with p^- and/or 
P2-agonism, such as increased heart rate, smooth muscc trcmorinq, and decreased blood pressure. 

■^0 It w'll be ripprcciatod by those skilled in the art tliat compounds of formula I contain at least one chiral center, and 

possibly two chiral centers when is not hydrogen Accordingly, compounds of formula I may exist in, and be isolated 
in, optically-active and racemic forms. Some compounds may exhibit polymorphism. It is to be understood that the 
present invention encompasses any racemic, optically-active, polymorphic or stereoisomcric form, or mixtures thereof, 
wl- ich form pjssesses properties useful in the [rea-nertl of the d:be.'n.os .jr conditions nc.ted herein, it being well known 
in the art how to prepare optically-active forms (for example, by resolution of the racemic form by recrystallization 
techniques, by synthesis from optically-active starting materials, by chiral synthesis, or by chromatographic separation 
us.ng a chiral stationary phase) and how to determine efficacy tor the trcatmont of the said utilities by the standard 
Ic^.ts described hereinafter 

in this i.pccificat-on the terms "alkyI" and ^ilko<y" include both straic^ht and br.inched chain radicals, but it is to be 
iiirJcAcA -yzcl that ro^ccncos lo indivKJual rad'cais nuch as •'f)ropyl" of "propoxy" embrace only the straight chain ("nor- 
nuil") !ric)i:Hl. branched chriin iGomors such as "isopfopyt" or "if.oprr.po> y" being fofernxl to spccificaily 
Ihr- ifMrn "halo", as '.J^cd herem, unless otheiwisf; indicateii, iru ludcs chloro, tluoro, brorno and lodo 
In..- M}frn "treating" as used herein inclufir-, prove nt itive a:; wo I as dir.oaso r-^rr.itrtivo treatment 
Pa. ti.:u:ar values cf (0, C^^alky! include methyl. ethy>, propyl iL.opropyL biitvL i-^obulyL t^butyl, pentyl, isopentyl, 
rind hcxyi 

Particular values of {C:i-C6)alkoxy or {CT(:.8)aHoxy tnclude m-cthoxy, cthoxy. propoxy, isopropoxy. butoxy, isobu- 
toxy, t-butoxy, pcntoxy. rsopentoxy, and hexoxv heptoxy and octoxy 

Pnrt'cular vatuos of iC:..^A^,p)r.ycMky\ include cy^^lof-'iCH-^yl cyciobutyl, cvclofientyl. cyclohexyl. and cyck^hop>tyl 
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More particular values of [Ci-Cglalkyl include the values of (CTC3)alkyl, including methyl, ethyl, propyl, and iso- 
propyl. 

More particular values of (Ci-C6)alkoxy include the values of (C, -C3)alkoxy, including methoxy, cthoxy, propoxy, 
and isopropoxy. 

Detailed Description 

The compounds of this invention are readily prepared according to the reaction sequence shown in Scheme I, 
hcreinbelow 

The expression "reaction inert solvent" refers to any solvent which does not interact with starting materials, rea- 
gents, intermediates or products in a manner which adversely affects the reaction or yield of the desired product. 
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Stop A: Bcnzylalion 

Benzylation of an indole of formula (i), where R is as defined above for compounds of formula (I) or a carboxylic 
acid protecting group, is effected with either 4-nitrobenzyl bromide or 4-nitrobenzyl chloride with sodium and ammonia, 
5 sodium or potassium hydride, or tncthylamine in DMSO, DMF, toluene, benzene, or acetonitrile at about 0 to 100='C 
v/ith the preferred conditions being sodium hydr)de in DMSO. 

Step B: Reaction on Bromoindoie 

10 A bromoindoie of formula (ii) is reacted with palladium (II) acetate, tri-o-tolylphosphine, and R3COCH2Sn(Bu}3, 

which is prepared insttuby tho reaction of tributyl tin mcthoxide and AcOC=CH2R3 (e.g., R^r^N/le, isopropenylacotate) 
in a non-polar solvent such as toluene, benzene, or hexanc at about 10 to 150''C. Preferably the reaction is done in 
toluene at about 95°C 

IS Step C: Reductive amination 

An aldehyde {R^= H) or ketone (R'3^(Ci-C5)alkyl) of the formula (lii) is coupled with an amine (primary it R2= H. 
secondary if R2= (Ci-Ce)alkyt) utilizing any of the following reducing conditions: sodium cyanoborohydrido, sodium 
triacetoxyborohydride, sodium borohydride, hydrogen and a metal catalyst, zinc and hydrochloric acid, formic acid, or 
20 borane Uimethylsulfide followed by treatment with formic acid. Sc^lvents may be selected from alcohols, ethyl acetate, 
acetic ac:id, chlorinated hydrocaibons. or THF and the temperature is between about -60°C to 50''C. Preferably tho 
reaction is run in CM2CI2, at room temperature, with acetic acid and sodium triacetoxyborohydride. 

Step D: Reduction nf Nf^i- 

2S 

Reduction of a nitrobenzyl compound of the formula (iv) to a benzylamine of the formula (v) is conducted under a 
variety of reducing conditions including hydrogenation with palladium, platinum, or Raney nickel catalysts, transfer 
hydrogenations with reagents such as phenylhydrazino and di^.solving metal reductions which will not affect other 
f unction£i! moieties such as the ester (lithium cobalt phthalocyaninc or iron). These reductions are carried out in solvents 
30 such as benzene, toluene, dioxano, ethyl acetate, alcohols, DMF or THF The preferred reduction conditions involve 
hydrc-gcnation with 10"^ Pd/C in THR 

Stop E: Sulfonylation 

35 Sulfonylation of a benzylamine of the formula (v) is carried out with the appropriate sulfonyl chloride in the presence 

of amines such as triethylamine, Hunig's base, morpholine or pyridine in solvents such as chlorinated hydrocarbons, 
THF, toluene, or acetonitrile and the temperature is from about -78°C to Preferably the reaction is run m CH2CI2, 
with triethylamine, starting at about -78°C and then warmed to ambient temperature. 

C^onvontional mcthcds and/or techniques of purification and separation known to those skilled in the an can be 

'^0 Lscd to isolate the compounds of this invention. Such tochniq-jcs include all types of chromatography (HPlj^^ column 
chrcmatography using common adsorbents such as silica gel, and thin layer chromatography), recrystallization, and 
differential (i e , liquid-Nquid) extraction techniques 

Certain of the compounds of formula I, for example those which have free carboxylic acid functionality form phar- 
rnaccuticaliy-acccptablo cation salts by reacting the tree acicJ toi'ns with an apprctpriaic base, usually one equivalent. 

'^■5 in a co-solvent. Typical bases are sodium hydroxide, sodium methoxide, sodium ethoxide, sodium hydride, potassium 
mothoxide, magnesium hydroxide, calcium hydroxide, benzathine, choline, diethanolamine, pipcrazino and tromoth- 
arntno. The salt is isolated by concentration to dryness oi by addition of a non-solvent. In many cases, salto arc prcf 
fM,ablv prepared by mining a solution of the? acid with a solution of a different salt of the cation (sodium or [Kttassium 
cthyllic <nnoatc, rnaqnosium c>icato), ernployin'.] a solvent (eg e'lhy! acetalc) from which the desired CF-.tionic salt 
f:^oci;j;!."i!cs, or can to othcrw:sc isclatcd by concontratiofi nnd'or riddition of a non-solvent. 

lh>' Hcici adciition !-?ii!s of Iho con pcuricis of Iho prosfni! ;nvfM!tic:>n are readily pmparcci by foacht-g the t; -rso forms 
With 'hr- appropriate ai;id When the salt is of a monot)asic hcicI (o g the hydfochloride, tho hydiobrom: Jo, the p- 
toluo-icsulfonate, the r;cctalc). the hydrogen form of a dibiisic ,;cici (c g,, tho hycirogcn sulfate, the Guccinato) or tho 
dihvciroqcn frjnn ot a tribasic acid {c g , the dihydrogcn phospnale. tho citrato), at least one molar equivalent and 

^""^ usually a molar excess of the acid is employed. However, when such salts as the sulfate, tho hemisuccinate, tho 
hydrogen phosphate or the phosphate are desired, the appropriate and exact chcrfiical equivalents of acid will generally 
ho used Tho free base and tho acid arc usually combined in a co-solvent from which tho desired salt precipitates, or 
cm h'O r-iltiorwiso tsolntod by conconlration and'or aclciition of h ncni-solvcnt 
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ThG amino acid prodrugs of this invention may be prepared by conventional peptide coupling reactions coupling 
a free amino or carboxylic group of the compound of formula I with an amino acid or a polypeptide, e.g. dipeptide, 
chain. The coupling reaction is generally conducted at a temperature of about -30° to about 80° C, preferably about 
0" to about 25°C Suitable coupling reagents are usually present, such as dicyclohexyl-carbodiimido with hydroxyben- 
zotriazote (HBT). N-3-dtmethyl-aminopropyl-N*-ethylcarbodnmide with HBT, 2-cthoxy-1 -ethoxycarbonyl-1 ,2-dihydro- 
quinolino, carbonyl diimidazolc with HBT or diethylphosphoryl-cyanide. The reaction is goncralty conducted in an inert 
solvent such as acetonitrilo, methylene chloride, chloroform, dimethyfformamide, dioxane, tetrahydrofuran, dimethox- 
yethane, or water, or a mixture of two or more such solvents. 

Ester, carbonate and carbamate prodrugs of this invention may be prepared by reaction of a free hydroxyl or amino 
group of the compound of formula I with an activated carbonyl containing molecule such as acetyl chloride or elhyi 
chloroformato. The reaction can be carried out neat or in the presence of a reaction inert solvent such as methylene 
chloride, at a temperature from about -78° to about 1 00=*C. Alcohols can also be reacted with cyanogen chloride in the 
presence of a Lewis acid to form carbamates. 

Prodrugs in which the secondary amine and its p-hydroxy, taken together, form a group of the formula 




are formed by methods analogous to those described in United States Patent 4,593,023, European Patent Application 
170.135A published on July 21, 1984 and United States Patent 4,607,033. 

When treating any of the conditions, disorders and/or diseases previously disclosed herein, generally satisfactory 
results are obtained when the compounds of the formula I, prodrugs, or pharmaccutically acceptable salts thereof 
(hereinafter also referred to as "active ingredients" or active compounds") are administered to mammals, including 
humans, via either the oral or the parenteral route. Administration by the oral route is preferred in humans and animals, 
being more convenient and avoiding the possible pain and irritation of injection. However, in circumstances where the 
patient cannot swallow the medication, or absorption following oral administration is impaired, as by disease or other 
abnormality, it is essential that the drug be administered parenterally. By either route, the dosage is in the range of 
about 0.01 to about 20 mg/kg body weight of the subject per day preferably about 0.1 to about 10 mg/kg body weight 
per day administered singly or as a divided dose. However, the optimum dosage for the individual subject being treated 
will be determined by the person responsible for the treatment, generally smaller doses being adm.inisterod initially 
and thereafter increasing increments made to determine the most suitable dosage. This will vary according to the 
particular compound employed and with the subject being treated. 

The compound;; of the present invention can be used tn combination with a pharmaooutically acceptable carrier 
or diluent as a pharmaceutical composition. Suitable pharmaceutically-acceptable carriers include inert solid fillers or 
diluents and sterile aqueous or organic solutions. The active compound will be present in such pharmaceutical com- 
positions in amounts suJficient to provide the desired dosage amount m the range described above Thus, for oral 
administration the compounds can be corT^bined with a suitable solid or liquid carrier or diiuont to 1orm capsules, t nblcts, 
powders, syrups, solutions, suspensions and the like. The pharmaceutical compositions may, if desired, contain addi- 
tional components such as flavorants, sweeteners, cxcipicnts and the like 

The tablets, pills, capsules, and the like may also contain a binder sucfi as gurn tragacanth, acacia, corn starch 
rr gelatin, cxcipionls such as dicalcium phosphate; a disintegrating agent such as corn starch, potato starch, alginic 
acid, a lubricant such as magnesium stcaratc: and a swcctcninq agent such as sucrose, lactose or ^^icchann When 
.-i rJoG.igo unit form is a cr^psule, il mny contain, in addition to rr.ntortals of the above tyre, a liquid earner such as a 
fritty oil 

Various other rnatena's may bo present as coatings or to modify the physical form of the dosage unit For instance, 
tablets may be coated with shellac, sugar or both. A syrup or elixir may contain, in addnon to the active ingredient, 
sucrose as a sweetening agent, methyl and propylparabens as prosnrvativcs, a dye and .i flavonrig such as cherry or 
orange flavcir 

These active compounds may also be administered parenterally tor example, intramuscularly, intravenously or 
SMbcutannously For parenteral adnninistratton the compounds can be combined with sleriio aqueous or organic rr^edia 
to form injoctabic solutions or suspensions or a storiln aqupous solution vyhich may contain other suhslanrcs. for 
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eomple, enough salts or glucose to make the soiulion isotonic. Solutions or suspensions ot those active compounds 
can be prepared in water suitably mixed with a surfactant such as hydroxypropylcellulose. Dispersions can also be 
prepared in sesanne or peanut oil, ethanol, water, polyo! {e g , glycerol, propylene glycol and liquid polyethylene glycol), 
suitable mixtures thereof, vegetable oils. N-mcthyl glucamine, polyvinylpyrrolidone and mixtures thereof in oils as well 

5 as aqueous solutions of water-soluble pharmaceutically acceptable salts of the compounds. Under ordinary conditions 
cf storage and use. these preparations contain a preservative to prevent the growth of microorganisms. The injectable 
solutions prepared in this manner can then be administered intravenously, intraperitonealty, subcutaneously, or intra- 
muscularly, with intramuscular administration being the preferred parenteral route in humans and companion animals. 
The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or dispersions and sterile 

w powdois for the extemporaneous preparation of sterile injectable solutions or dispersions. In all cases, the form must 
be sterile and must be fluid to the extent that easy syringabilily exists. It must be stable under the conditions of man- 
ufacture and storage and must be preserved against the contaminating action of microorganisms such as bacteria and 
fungi. 

The effective dosago of the active ingredient employed may vaiy depending on the particular compound employed, 
15 ttiG mode of administration, the condition being treated and the severity of the condition being treated. 

As a consequence of their action in reducing body fat (lipolysis), the compounds of the present invention possess 
utility for increasing lean meat deposition and/or improving the lean meat to fat ratio in animals, including poultry and 
ungulate animals such as swine, cattle, sheep, and goats. Compounds of formula I can additionally be used for the 
treatment of obese household pets, for example companion animals such as dogs and cats, with the treatment of dogs 
20 being especially preferred The administration of a compound of fotmuia I can be effected orally or parenterally. An 
amount of a compound of formula I is administered such that an eflective dose is received, generally a daily dose 
whicri, when administered orally to an animal is usually between 0.01 and 20 mg/kg of body weight, preferably between 
0 05 and 10 mg/kg of body weight Conveniently, the medication can be earned in drinking water so that a therapeutic 

25 preferably in the form of a liquid, water-soluble concentrate (such as an aqueous soiulion of a water soluble salt). 

Conveniently, the active ingredient can also be added directly to the feed, as such, or in the form of an animal feed 
supplement, also referred to as a premix or concentrate A premix or concentrate of a therapeutic agent in a carrier is 
more commonly employed for the inclusion of the agent in the feed. Suitable carriers are liquid or solid, as desired, 
such as water, various meals such as alfalfa meal, soybean meal, cottonseed oil meal, linseed oil meal, corncob meat 
00 and corn meat, molasses, urea, bone meal, and mineral mixes such as arc commonly employed in poultry feeds. A 
partic uiarly effective carrier is the respective animal feed itself; that is, a small portion of such feed. The carrier facilitates 
uniform distribution of the active materials in the finished feed with which the premix is blended. It is important that the 
compound be thoroughly blended into the premix and, subsequently, the feed. In this respect, the agent may bo dis- 
persed or dissolved in a suitable oily vehicle such as soybean oil, corn oil, cottonseed oil, and the like, or in a volatile 
35 organic solvent and then blended with the carrier. It will be appreciated that the proportions of active compound in the 
oncontrate are capable of wide variation since the amount ot active compound in the finished feed may be adjusted 
by blinding the appropriate proportion of premix with Ifie feed to obtam a desired level of active compound. 

High potency concentrates may be blended by the feed manufacturer with proteinacoous carrier such as soybean 
■;iil moal and other meals, as described above, to produce concentrated supplements which arc suitable for direct 
-'0 tocdinr; to animals In such instances, the animals are permitted to consume the usual diet Altornativoly. such con- 
centrated supplements may be added directly to the feed to produce a nutritionally balanced, finished feed containing 
a therapeutically effective level of an active compound according to the invention. The mixtures are thoroughly blended 
bv st.ipdard proncdurcs, ouch in a twin shell blonder to ensure homogeneity 

It the supplement is used as a top dresf ing for the toed, it likewise helps to ensure uniformity of distribution of the 
-^5 active compound across the top of the dressed teed. 

For companion animals an active compound can be mixed with its food or put into a pet food treat. 
Medicated drinking water and teed eftectivo foi increasing loan meat deposition and for improving lean meat to 
\ri\ ratK) aio geneiaiiy prepared !:;y mixing a compound c»f the invenlic-n with a sufficient amount of animal feed or v;ator 
lo prov'de fforn about 10"^ to 500 ppm of tho cornpcaind in tfic feed or water. 
: t ' 1 ho preferred i-ncdicatcd swinc, cattle, sheep and goat food (jonuraily contain Irorn 1 to 400 grams ot active in- 

(;r'-(j;r- t prir ton of 'nod tho optimur^i amoL.-U lor those animals usu-illy being about 50 to 300 grains per ton of fo^Mi 
1 lio oreforrod poultry and ctcimo.stic pot tccds usually contain about 1 to 400 grams and preferably 10 to 400 grams 
of active ingredient per ton of feed 

[ C'r parenteral administration in animal;, the coriipi:)unds ot the present invention may be prepared in tho form of 
ri pHi.U.: or a pellet and administeted as an implant, usually under Itie skin of the head or ear of the animal in which Ihc 
increas.e in lean meat deposition and improvement in loan mean to fat ratio is sought, 

in general, parenteral actministration involves in)oction ot a sufficient amount ot a compound ot the present invention 
to provicJo tho animal with 0 01 to 20 m-a/l'-'i/driy of l)ody v/oic|lit of If to aolivo inqrodiont Tho proforrod rk'>saqe for 
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poultry, swine, cattle, sheep, goats and domestic pets is in the range of from 0.05 to 10 mg/kg/day of body weight of 
active ingredient. 

Paste formulations can be prepared by dispersing a compound of the present invention in a pharmaceutically 
acceptable oil such as peanut oil. sesame oil, com oil or the like 

5 Pellets containing an effective amount of a compound of the present invention can be prepared by admixing a 

compound of the present invention with a diluent such as carbowax, carnuba wax, and the like, and a lubricant, such 
as magnesium or calcium stearate, can be added to improve the pelleting process. 

It is, of course, recognized that more than one pellet may be administered to an animal to achieve the desired 
dose level which will provide the increase in lean meat deposition and improvement in lean meat to fat ratio desired. 

10 Moreover, it has been found that implants may also be made periodically during the animal treatment period in order 
to maintain the proper level of active compound in the animal's body. 

The present invention has several advantageous veterinary features. For the pet owner or veterinarian who wishes 
to increase leanness and trim unwanted fat from pet animals, the present invention provides the means by which this 
can be accomplished For poultry and swine raisers, using the method of the present invention yields leaner animals 

15 which command higher prices from the meat industry. 

The compounds of this invention may bo tested for hypoglycemic activity according to the following procedure and 
as an aid in determining dosages when compared to other compounds and standards. 

Five to eight week old C57 BI_/6J-ob/ob mice (obtained from Jackson Laboratory. Bar Harbor, Maine) are housed 
five per cage under standard animal care prac tices. After a one week acclimation period, the animals are weighed and 

20 25 microliters of blood are collected via an ocular bleed prior lo any treatment The blood sample is immediately diluted 
1 5 with saline containing 2% sodium heparin, and held on ice for glucose analysis Animals are then regrouped, in 
groups of five per cage, such that the mean glucose values of the groups are similar, dosed daily lor five days with test 
compound {0.01-20 mg/kg). a positive control such as cnglitazonc orciglitazone (50mg/kg p.o.) (U.S. Patent 4,467,902; 
bohda el a/ , Cnem Fhami. Buii., voi 32, pp 4460-4465. 19S4), tn vehiCie. All compounds are administered by era! 
gavage in a vehicle consisting of 0.25"o w/v methyl cellulose. On day 5, the animals are weighed again and bled (via 
the ocular route) for blood glucose levels. The freshly collected samples are centrifugcd for two minutes at 10,000 xg 
at room temperature. The supernatant is analyzed for glucose, for example, with the ABA 200 Bichromatic Analyzer™ 
(;i registered trademark of Abbott Laboratories, Diagnostics Division, 820 Mission Street, So. Pasadena, CA 91030), 
using the A-gent^''' glucose UV reagent system (hcxokinase method) (a modification of the method of Richterrich and 

30 Dauwaidcr, Schweizorischo Medizinischo WochcnschnU, JIOl, 860 (1971)). using 20, 60 and 100 mg/dl standards. 
Plasma glucose is then calculated by the equation; 

Plasma glucose (mg/dl) - Sample value x 5 x 1 .67 = 8. 35 x Sample value 

35 

where 5 is the dilution factor and 1.67 is the plasma hematocrit adjustment (assuming the hematocrit is 40%). 

The animals dosed with vehicle maintain substantially unchanged hyperglycemic glucose levels (e g., 250 mg/di), 
while positive control anirTials have depressed glucose levels (e g.. 130 mg/dl). The glucose lowering activity of test 
compounds is expressed in terms of glucose normalization. For example, a glucose level which is the same as the 
-'^0 positive control is expressed as 100%. 

Selectivity of a compound for pj-receptors over [ij- and -receptors may be determined using the following pro- 
cedures 

In v/f:o selectivity may bo dctcrrrif.ocl by measurement cf cyclic adenosine mono-phosphate fcAMP) accumulation 
in Chinese hamster ovary cells. Chinese hamster ovary cells uniquely Iransfected with the gene for the human (i^^ 
■is CA pg-receptor (Granneman. Moi. Pharmacol., 1991, 40, pp 695-899) are grown to confluence in Ham's F12 media 
(Gibco BRL, Lite Technologies, Inc.. Grand Island, N.Y) containing 10% fetal bovine serum, 500 mg/ml Geneticin. 100 
ij/m! penicillin, 100 mg/ml streptomycin and 250 ng/ml fungizone according to the procedure described in American 
Type Culture Collection Catalogue of Cell ( ines and Hybridomas, Seventh Edition, 1992, p 36, ATCC CCL 61 CHO- 
M Compounds ate prepared as lOiTiM ?toch solutions in DMSO fO.VJ'o DMSO, Itnal cc^ncontration), diluted in Ham's 
f 1 2 rTicdia and added to the colls at 10-^'^ to 10--^ M a'ong wrh 10"- M le-obulylmcthylxanthinc to inhibit phosphodicslc- 
f iGC activity Tno media nnfi .:olls are then incubated for 5 mtnutos at At the or-d of this period, the media is 

iSptratoc) and iho colls tysod If 0 01 U HC I Tho cellular content of c AMF' can :hen bo dctcrmificd by radioimmunoassay 
(RIA) using a kit from New England rJuch^ar (Burlington, MAj there is a direct correlation between the cellular content 
: f cAMP and the agonism o1 the \\^-. P;.-, or P3- receptor The non-solcctivo adrenergic agonist, norepmephnno, is 
included as a positive control Rt IQ-^M Data are exprnssed as fold increase over basal 

In v/f/oactivity of compounds of formula I for p3-aqonist selectivity and lipolysis in dogs can be determined according 
to the fotlowinq procedures References: Taouis, M ; Borlan, M : Montaslruc. P; Lafontan, M J Pharmacol. Exp Thcr 
1987 'PA9. 1041-^04^ Tk^di"- M V-itot P r^t^n, I I atontrin M Montastruc P Boilan. M J Phaimnco! Pxn 
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Thcr. 1989, 250, 1061-1066. Galitzky, J.; Revcrtc, M.; Portillo, W.; Cr^rpcn,. C; Lafontan, M.; Bcrlan. M. Am. J. Physiol. 
1993, 264, E403-E412. u r ^ 

Isolation of dog fat cells. A biopsy of adipose tissue {general^ omental adipose tissue) is performed in anesthetized 
dogs Then the tissue ts cut into small pieces and transferred into plastic vials containing the incubation buffer {Krebs- 
Ringer bicarbonate (KRBA) buffer, pH 7.4) with glucose (1 mg/lOO ml) and albumin (40 mg/mt), supplemented with 
crude collagcnase (0.5 mg/ml). The tissue is incubated from 40 to 50 mm. at about 3r C in a shaking water bath (60-80 
strokes per min ) The fat cells are separated from the stroma by liltration over a nylon filter. The filter is rinsed with 
one volume of collagcnase-free albumin buffer. The cells are washed three to four times with the KRBA buffer using 
the same procedure tor their separation. After the final wash, they are ready to be used for the lipolytic assay. 

In Vitro Assay for the Lipolytic Effect of (53-Agonists on Canine Fat Cells. KRBA is used for the lipolysis experiments, 
however, most physiological buffers can be substituted. It is necessary lo supplement the buffer with albumin in order 
to prevent intracellular accumulation of free fatty acids which could inhibit lipolysis. The most commonly used albumin 
preparation is bovine serum albumin, fraction V (Sigma), The rate of glycerol release is almost linear between 10 and 
200 min with or without agents that stimulate or inhibit lipolysis 

The stock solution of fat cells obtained after isolation is diluted and distributed in plastic tubes (500 ml aliquots 
with 10-15 mg of total fat cell lipid). Pharmacological agents— "igonists and/or antagonists— are added. In small vol- 
umes (10 ml), at the suitable concentrations (IQ-^o to lO"* M) (obtained by dilution of concentrated stock solutions). 
The tubes are maintained at about 37^C in a shaking water bath for about 1 hour, and then lipolysis is stopped by 
putting the plastic tubes on ice. 

Glycerol release is used for the calculation of the rate of lipolysis. It is a valid index only if hydrolysis of fat cell 
triacylglycerol ts complete. Glycerol is not reutilized by fat cells to any extent, probably because glycerol kinase activity 
is negligible in adipose tissue. Glycerol is measured directly in the incubation medium. 

Glycerol is measured in 50 to 200 ml aliquots of incubation medium using an enzymatic (Wieland, O.H., in Methods 

. , ._ 1111 r-,j vr^i\/i iOQ-i r^r^ c;ri i_c 1 n \/orfan P.hcimin Wptnhpim^ Or a radiomotric 

Of t' n/vmaiic /\n<nysis, nuiymt-yui, il^.^., u^., v., , ..^-r, . ^. .-.^ 

icchriique (Bradley, DC. and Kaslow, H.R., Anal. Biochcm., ^m9, 180 11-16). The lipid content of the incubation vials 
IS determined gravimetrically. Results are expressed as mmot of glycerol released per 1 00 mg total fat cell lipid per hour 
In vivo efficacy may be determined by measurement of c^xygcn consumption and ambulatory activity on male 
Spraque-Dawley rats (Charles River, Wilmington, MA) Whole animal oxygen consumption may be measured using 
an op^n circuit, indirect calorimeter (Oxymax^'^, from Columbus Instruments, Columbus, Ohio). The Oxymax gas sen- 
sors are calibrated with nitrogen (N2) gas and gas mixture (0 5% carbon dioxide, 20.5% oxygen, 79% nitrogen; ABCO 
Industrial Supplies, Waterford, CT) before each experiment. Rats (male, Sprague Dawley 300-380 g body weight) are 
placed in sealed chambers (43x43x10 cm) of the calorimeter and the chambers placed in activity monitors. Air flow 
rate through the chambers is set al 1 .6-1 .7 l./min The Oxymax calorimeter software calculates the oxygen consumption 
(ml/kg'h) based on the flow rate of air through the chambers and difference in oxygen content at inlet and output ports 
The activity monitors have 15 infrared light beams spaced one mch apart on each axis, ambulatory activity is recorded 
when two consecutive beams are broken (repeated interruptions of the same beam arc not registered) and the results 
are rec orded as counts. Basal oxygen consumption and ambulatory activity can be measured every 10 minutes for 2,5 
to 3 hours. At the end of the basal period, the chambers are opened and the test compound (0.01 to 20 mgAcg, prepared 
in water or other suitable vehicle) or an equivalent volume ot veliicle is administered by oral gavage. Oxygen consump- 
tion and ambulatory activity cm bo measured evoiy 10 minuses foi an additional three hours post^Josing. Percent 
change in oxygen consumption may be calculated by averaging the post-dosing values for 2,5 hours and dividing by 
basal oxygen consumption (average of the predosing values except the first hour) Oxygen consumption values ob- 
tninr.-j durinq Mmc periods where ambulatory activity exceeds 1OO counts are excluded from the calculation. Thus, the 
values represent '^o change in resting oxygen consurmption. 

In vivo selectivity for p^- and [S2-adrenergic receptors may be determined by measurements ot heart rate, blood 
pressure and plasma potassium concentration gathered on conscious cathetcrized rats (male, Sprague Dawley 
300-3B0 g body weight) To implant catheters, rats are anesthetized with pentobarbital (50-60 rng/'kg, i.p.) and the left 
carctin adcry is cannulated wuh PE50 tufc)ing The catheter is tunneUd subciftanc :>U5!y exteriorized at the back of the 
neck. It lcd wi'h ,1 solution of polyvinylpyrrolidone in hcpanntzcJ saline, flame-sealed and taped. Experiments are per- 
fori.' OA] 7 day;-., aftor surgery On the day ot the c <pertment, the cilhctors are umaoed and flushed with saline After at 
U-i::t :-0 rTiii.iros. b^sHl ^Hiiiosfoi hoait f,ite and blood pressure -iro iTicasur^?d by attanhincjtho catheter to a pressure 
lt;-i',sc)ucor the results recDrdoci on h Grass Model 7 polygraph (Gr^jiS Modtcal Instruments, Gumcy MA), and a basal 
biood sample (0 5 ml) is obtained from the arterial catheter Alter obtaining basal values, the test compound or vehicle 
iG rrjministercd by oral gavage, and blood pressure (measure ot [!> activity) and hnarl rate (measure of activity) 
mo .suremems are taken at 1 5. 30, 45 and 60 minutes and blood samples for potassium determination are obtained 
at 30 and 60 m^n. Isoproternol, a non-selective [5-agonist can be tested as a positive control at doses ranging from 
0 001 to 1 m.ykg (injected s c in inline vehicle) Plasma pr.^tassium is determined by flame spectrophotometry, fo 



r\v\nf]o-. ha-.al values run suhtrHCtnd frcnri tlie .ivf^iaqo < .f the post dor^inq values 
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Compounds of the lormula I also have Ihe effect of reducing intestinal motility and thus find utility as aiding in the 
treatment of various gastrointestinal disorders such as irritable bowel syndrome, peptic ulceration, esophagitts, gastritis 
and duodenitis, {including that induced by H. pylori) , intestinal ulcerations {including inflammatory bowel disease, ul- 
cerative colitis, Crohn's disease and proctitis) and gastrointestinal ulcerations. It has been proposed that the motility 

5 of non-sphinctcric snrKX)lh muscle contraction is mediated by activity at p3-adrenergic receptors. The availability of a 
p3 specific agonist, with little activity at p^- and p2-receptors will assist in the pharmacologic control of intestinal motility 
without concurrent cardiovascular effects. 

In wuo activity of the compounds of formula I for the treatment or prevention ol intestinal motility disorders can be 
determined according to the following procedures. Eighteen-hour fasted male Sprague Dawley derived (CD) rats 

10 (175-225 grams) are dosed with 0.01 - 20 mg/kg p.o. of compound or vehicle (distilled water). Thirty minutes after 
administration of compound, the rats are orally dosed with 0,25 ml of a solution of sodium chromale in 0,9% saline 
containing about 20,000 cpm of ^'Cr (specific actrvity 350 mCl/mg Cr). Twenty minutes later, the rats are sacrificed, 
the gastroesophageal, pyloric, and ileocecal junctions are then ligated, and the stomachs and small intestines removed. 
The small intestines are then divided into ten equal lengths, and the stomach and each length of intestine assayed for 
radioactivity with a gamma counter. Gastric emptying rate may then be determined for each rat by comparing the 
amount of radioactivity in the intestine relative to the total in the intostino plus stomach. In addition, the geometric 
center of the distribution of the radioactive marker is then used as a measure of the overall transit rate through the 
stomach and intestine. The geometric center is calculated by summing the products of the fractions of ^^Cr in each 
segment times the segment number: geometric center = S ((fraction of ^^Cr per segment) x {segment number)). For 

20 these calculations the stomach may be considered segment number 0, and the ten intestinal segments as numbers 1 
to 10. Thus, a geometric center of 0.0 would indicate that the entire load of ^^Cr had remained in the stomach. Data 
from two experiments may be pooled, and statistical evaluations can be made using Dunnott's multiple comparison test. 

Alternatively, in groups of 3, overnight-tasted male Spraguc-Dawloy fCD) rats (175-225 grams) may be ancsthe- 
t.7ed with mPihn>'yfIiir,qnp A f^mall abdominal incision is then made, and the pylorus liqatod. Immediately after the 

^5 ligation, a solution of compound or the vehicle (distilled water) is injected into the proximal duodenum. The doses of 
compound used should be 0.01 - 20 mg/kg. The incisions can then be closed and the rats can be allowed to recover 
from the anesthesia. Two hours after the ligation the rats are sacrificed and the gastric fluid collected and cleared by 
centrifugation. Total volume of secretion can be determined by weight, and acidity can be determined by titration to pH 
7.0 with 0. 1 N NaOH using an automatic tilrator (Radiometer TTT85). The data from two experiments are then pooled. 

30 A group of rats treated with 1 0 mg/kg of the antisecretory histamine H2-receptor antagonist cimetidino may be included 
in each experiment as a positive control. Statistical evaluations can be made using Student's t-test. 

In vitro tictivity for relaxation of contracted ileum from isolated guinea pig ileum can be determined according to 
the following procedure. Fresh isolated segments of guinea pig ileum {about 1.5 cm long) are mounted in tissue baths 
containing Tyrode's physiological salt solution at about SC'C and aerated continuously with 02:C02 (95%:5%). Tissues 

3S are then equilibrated for GO-90 minutes under 4.0 gm tension in order to achieve stable baselines. Histamine is then 
added to the baths in a cumulative fashion in concentrations ranging from 1 nM to 10 mM. The maximum tension 
generated after each addition of histamine :s recorded on a Grass Physiograph (Grass Medical Instruments, Quincy, 
MA). The tissues are then washed with several changes of Tyrode's solution, basal tension can be readjusted to 4.0 
grams, and a stable baseline is then again obtained Each tissue may then bo c-po^cd to a single concentration of a 

■'0 compound (range 1 nM to 10 mM) or vehicle and after a 30 minute equilibration period the histamine dose response 
curve may then be repeated. Results from multiple e.<periments are standardized (0-100%) to the maximum response 
of the control tissues and plotted as percent maximum tension versus the log of the histamine concentration in the 
i ibsence and presence of the compound. 

Compounds of foirnula I can be as&ossco tci antidepressant activity in wvo .iccording to the following pfocodure 

-iS Male GDI mice weighing between 20 and 25 g. and Sprague-Dawley rats weighing between 200 and 250 g, may 

be obtained from Charles River (Wilmington, MA). Compounds of formula I arc dissolved in water. The compounds 
may be administered to mnco in a voIumiC of 10 ml kg ^ and to rats in a volume 2 ml kg-^. Control animals receive the 
vehicle Positive tost resuhs for the following parameters indinatf; aniirleprossant activity 

! Antn qor^-.ism rj hy pother mia it^ducocJ h y resorpjno_ 

Mice arc g:vcn rosorpino (2 5 rng kg- ^ i p dissolved in V'oCiImc ricid) I heir n ctal temperatures maybe rncasufod 
3 5 li later Mio mice may then be divided int-j diffctcjnt groups ^o as to obtain Uic same riCcin rectal temperature in 
LMch cjmup Half an hour later (i e , 4 h alter rescrpinc), the mice arc given the vehicle or com.pound Rectal tem.perature 
■''^^^ can be measured again 90 min later (i.e . 5 hiours anci 30 min after the injection c^f reserpine) (Bounn et al , The Value 
of the Roscrpmc Test in Psychopharmacoloqv, Arzncim. Forsch 33, 1173, (1983)) 
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II, Antagonism ot hypothermia inducod by apomorphine: 

Halt an hour after the mice are placed in individual cages, their rectal temperatures are recorded. The animals 
should be allocated so as to obtain the same mean rectal temperature in each group. Apomorphmo (16 mg kg''' s c.) 
5 can be given 30 mm after the compound or its vehrclo. Rectal temperature can be measured again 30 min after the 
apomorphine treatment (Pucch ot al, Antagonism of Hy pother mi3 And Behaviora! Responso To Apomorphmo; A Sim- 
ple, Rapid And Discriminating Tost For Screening Antidepressants And Neuroleptics, Psychopharmacology 75, 84, 
(1981)). 

^0 III, Effect on learned helplessness behavior: 

This test is perlormed basically as described by Girat ct al. Reversal Of Helpless Behavior In Rats By Putative 
5-HTify Agonists. Biol. Psychiat. 23, 237. (1 988). Electric footshocks are delivered to male albino Sprague-Dawley rats 
placed in chambers (20 X 10 X 10 cm) with Plexiglassip) walls and covers The floors are made of stainless-steel grid? 
(1.5 cm mesh). A constant-current shock is delivered as 60 scrambled, randomized inescapable shocks (15s duration, 
0 8 mA, every 60 + 15 s) to the grid floor. Control rats are then pl.jced in identical chambers for 1 h but no shock is 
administered. All preconditioning trials are performed on day 1 between 9 a.m. and 11 a.m. Avoidance training is 
iniliated 48 h (day 3) after inescapable shock in automated two-way shutHe-boxes (60 X 21 X 30 cm) with PlexiglassCR) 
walls and a flexor consisting ol stainless-steel rods spaced 1.0 cm apart in order to evaluate escape deficits. Each 

y^' ohuttie-bCiX is divided into two chambers of equal sac by a Gta:nloss-Gtcci partition, with a gate providing access to the 
.idjaccnt compartment through a 7 cfn X 7 cm space. Shuttle box sessions are performed for 3 consecutive days (days 
3, 4 and 5) The animals are placed individually in the shuttle-box and allowed to habituate to the environment for 5 
min (tor the first session only) and then subjected to 30 trials. The mtortrial interval should be 30 seconds A light signal, 
us^'d as a conditioned stimulus, is presented during the first 3 seccnds of each trial. Crossing the gate into the other 
compartment of the box during this 'conditioned-stimulus only' period (referred to as avoidance response) allows the 
rats to avoid shocks. A period with conditioned stimulus plus electric foot-shcck (0.8 mA) may be presented, if an 
avoidance response does not cx;cur Crossing the gate into the other comparlment during this conditioned stimulus 
plus shock period is referred to as an escape response. Absence of escape responso during the 3-second duration 
conditioned stimulus plus shock should be considered to be an escape failure 

30 The rats (n = 10 per group) should be treated randomly accoiding to one of the following protocols: the control 

sample, which receives no shock, and is given vehicle, experimental animals with inescapable shock are treated daily 
v/ith vehicle or compound, Animals should be treated orally over '3 consecutive days, i.e. 6 hours after shock pretreat- 
mcnt on day 1 , and then twice per day, a half dose in the morning (30 min before shuttle-box session) and a half dose 
m the afternoon (except on the 5th day). Statistical analysis can be performed on the mean number of escape failures 

3S using a two-way analysis of variance (subjects X sessions) followed by Dunnett's test. 

Compounds of formula 1 also have the effect of bronchial relaxation and increased ciliary motility and thus may be 
usr-fui in the treatment of airway inflammatory disorders such as asihma and obstructive lung disease. In vitro activity 
of compounds for the treatment of airway inflammatory disorders can be determined by measurement of guinea-pig 
bronchial rinij relaxation according to the following proceoure 

C-iuinea-Dig main bronchial ririgs are obt i'ned tncolore'i '■:uinea-pigs of either sex (250-350g) anesthetized 
with urethane (1.25 g kg-i, i.p.) and are suspended under an initial tension of 2.0 g in Krebs solution at 37''C gassed 
with 95% 02:5% CO2. After about 1 hour of equilibration, guinea-pig bronchial rings are contracted with acetylcholine 
f 10*3 M) and relaxed to maximal relaxation w^th theophylline |3 v 10"^ My then al'owod to equilibrate for a further 60 
inif whi c the y ,'ire washcfi vvi:h Krori^. soiutK^n every i5 mm 

C hanges in tension are measured isorrietncaliy wilh strain gauges and amplifiers and displayed on a recorder The 
composition of the Krebs solution is (mlVI): NaC! 118 0, KCI 5,4, CaCl2 2,5, KH2PO4 1,2, !V1gS04 1.2, NaHCOj 25.0 
r-nd glucose 11.7 

To test efforts of comf)ounrJs r.n r'>'">ting tension r jrniilntivn 1 O' iciontration-rr^pponsn curves are obtained by addi- 
(J Ihc test compounds (:0"'' lo 10 "^M) ovcry tO-;:0 mir. un'il i plateau is i cached. The rcla>ant offects of the 

rrir-np(3ijnds are c>pref:.so(i as por^rcni: M]es c-f the ma:-!mal rrTiynt!! -n induriod by theophylline (3 x ^'O"^ M) 

li. '-'C^t'^'ity c:!f tho ;:c:[np:iunds (.^1 foMHijIn I fen i>\o':^\ri\() d.-,f---iso can ho :!e:orrTiineci acco-dlr.g to Ifvi fc^Howu" c] 

\.iocc ;lui( & 

Vontr il postatcG C'f rTi.-ilc 5pra:]ijo Lawk y rats (300 400q) c Ihcti/cd wit'i c'lothyl ether ar(' quickly G::<ciGcd ar^.c; 
["!n,:cd tn oxygenated Krebs solulioo Wh:!c m untamed at room tetnf -cralurc in this buffer, adherent fatty and connective 
''^5 tissues are removed The prostalC'S are then suspended in lO-r-il organ baths containing Krebs solution warmed to 
37°C and aerated with a mixture C'f 95';;. Oo and 5% COo. The comiposition of the Krebs solution is 118. 4 rnM NaCI, 
4 7mMKCI, 1 2 mM MgSO^, 2 5 mM GaCU, 11 1 mM dextrose, J5 0 mM tJaHC O3 and 1 . 2 mM h H.P04, dissolved in 
(ip^tillfHj -.ind fifH7iinerr)li/ocj wntor Jhv ti^s!if\ -h*^ ^ittachr^d to iso"v^tric force-diFplacomont transduc ers anci ipornotnr 
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contraction is recorded under a loading tension of 0 5g. Equilibration is undertaken tor 1 to 2 hr before the addition ol 
test compounds. Submaximal contractions are first elicited by repeated concentrations of 1 x ^Qr^ Wi phenylephrine 
until constant responses are obtained. The control and test compound-treated experiments are done in different prep- 
arations, A concentration-response curve to cumulate concentrations of phenylephrine or acetylcholine (lO^to 10"^M) 

5 is determined. For testing compounds, a concentration response curve to phenylephrine or acetylcholine is determined 
In the presence of the compounds (1 or 10 )aM). 

I n vitro activity of compounds of formula t can also be determined for specific efficacy in human prostate as follows. 
Prostatic tissue specimens are obtained from patients with symptomatic BPH, who are undergoing open prosta- 
tectomy. Isolated human prostatic tissue is cut into five to eight strips {3mm wide, 3mm thick and 15mm long in each 

w strip), The strips are mounted vertically in organ baths containing 20 ml Krebs-Henseleit solution of the following com- 
position (mlVI): NaCI 112, KCI 5.9. MgCl2 1,2. CaCt2 2, NaHC03 25, NaHP04l 2, glucose 11.5. The medium is main- 
tained at 37°C and at pH 7 4, and is equilibrated with a gas mixture consisting of 95% and 5% CO2. A resting 
tension of 0.5g is applied and the responses are recorded isometricalty through a force-displacement transducer. The 
preparations are equilibrated for 90 min before starting the experiments 

/5 Concentration-response curves for phenylephrine or acetylcholine (10'^ to lO '^M) arc determined by adding the 

compound directly to the bathing media in a cumulative fashion For testing compounds, the prostate strips arc incu- 
bated in the presence of compound (1 or lOuM) tor 30 minutes before and then phenylephrine or acetylcholine are 
added to the medium in a cumulative fashion to obtain to the concentration-response curve in the presence of the 
compound. 

20 Compounds of the formula I lower triglyceride levels and cholesterol levels and raise high density lipoprotein levels 

and are therefore of use in combating medical conditions wherein sue h lowering (and raising) is thought to be beneficial 
Thus, the compounds of formula I can be used in the treatment of hypertriglycondaemia. hypercholesterolemia and 
conditions of low HDL (high density lipoprotein) levels in addition to the treatment of atherosclerotic disease such as 
hrnva?^cijiar and Deriohcral arteries, cardiovascular disease and related conditions. 
The compounds may also be combined with other active ingredients Known for use in the treatment of atheroscle- 
rosis and related conditions, for example tibratcs such as clofibrate, bczafibrate and gemfibrozil; inhibitors of cholesterol 
biosynthesis such as HIVlG-CoA reductase inhibitors, for example lovastatin, simvastatin and pravastatin; Inhibitors of 
cholesterol absorption, for example beta-sitosterol and acyl CoA; cholesterol acyltransferase inhibitors, for example 
rnelinamide; anion exchange resins for example cholestyramine, colestipol or dialkylaminoalkyi derivatives of a cross- 

30 linked de<tran; nicotinyl alcohol, nicotinic acid or a salt thereof; vitamin E; and thyromimetlcs. 

Activity of compounds of formula I for dysltpidemia can bo determined according to the following procedure. C57BLV 
GJ ob/ob mice (male, 30-40 g body weight, Jackson Lab, Bar Harbor, ME), housed 5 mice per cage in an environmentally 
controlled room, can be dosed once daily for 3 weeks with compound (0,01 - 20 mg/kg, n=15 per group) or vehicle 
(saline) by oral gavage. Body weight of each mouse can be measured daily and food intake per cage is determined 

35 by weighing the amount of food left in the trough. At the end of the study, 24h after giving the final dose of compound, 
the mice may be sacrificed by decapitation and blood collected. Plasma concentrations of glucose, free fatty acids and 
triglyceride can be determined with the VP Super System Autoanalyzer (Abbott. Irving, TX) 

Activity of compounds of formula I for decreasing body fat can be determined according to the following procedure. 
C57BL/6J ob/ob mice (male, 30'40g body weight, Jackson Lab. Bar Harbor, fvIE) are housed 5 mice per cage in an 

-0 environmentally controlled room with food (pelleted rodent chow) and water available ad libitum The compounds or 
vehicle (water) can be dosed once dally for 3 weeks (0,01 - 20 mg/kg. n=15 per group) by oral gavage. Body weight 
of each mouse can be measured dally and food intake per cage determined by weighing the amount of \oo6 left in the 
trough At the end of the study, 24h after giving the final dose of compound, the mice are weighed and then saciiticed 
by cervical dislocation. epididymai f'it pads from each inouse hre c<cised and weighed The lat voisus body vioiytit 

-^5 latio IS determined for each mouse using the absolute body weights and the fat pad weights. A reduction in fat pad 
weight Is indicative of a reduction in total body fat. 

The compounds of fcrmula 1 have gastro intestinal prctcctivo effects and, therefore, are useful in the treatm.ent 
;nyj./c r prevention of u!cf?r^:^ .Activity of compounds of lorrniil;^ I to protci^t against gastric ulcerations can be determinerl 
.!cx:urdirig to ttio fonowing procedure 

Food (but not water) s withheld for 24 hc-urs frofn !oma!o Sprriguo fiawlcy rats (Charles River Wilmington^ (VIA) 
■/.oicjfiinq 70'^20 q Access to food is ttion rtlbv/ed foi ^-0 rr in A single dose of [^adroMOCCptor ngonist (a cornf)ound 
lit the prf^scnl irivcntion) is iticn administered po (1 ml 100 n M Indomolhacin (Sigma Chcmic:al Co , St Louis, fVlO) 
luO n.g kg 1 ml 1 00 g-^ body weight) is then injected c ubcutanccusly Control rats receive the subcutaneous injoction 
rj indomethacin and oral administration of vehicle (0 5% methyl ccIIjIoso in distilled water) tor the [i-adrenoceptcr 

^^^^ agonist The animals are Ihen allowed continued access to food but water is withdrawn The animals are sacrificed by 
corvtcal dislocation 6 hours after dosing with indomethacin The stomachs arc removed, opened along the greater 
curvature and washed in 0.9"o saline An assessment of gastric damage is carried out by an observer who is unaware 
c-\ thr; fjosin^) roqirnon A transparent pla?tic r^nci cfiViHofl 1 rTirn^' spctions is [)lHrod ovoi the antrum ancJ ttie area 
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of macroscopic damage assessed as the total area of visible lesions in mm^. This value is then expressed as a per- 
centage of the total antral area 

The present invention is illustrated by the following Examples However, it should be understood that the invention 
is not limited to the specific details of these examples. 

5 

Example 1 

1 -(4-Carboxvmcthanesulfonvlamino-benzvl)-5 |2-(2-hvdroxv-3-phcnoxy-propvlamino)-propylT1H-indolc- 
2-carboxylic acid 

w 

To a solution of 5-[2-(2S'hydroxy-3-phenoxy-propylamino)-propyl]-1 -[4-{2,2,2-t^ifluoro-ethanesulfonylamino)-bcn- 
zyl]-1 H indole-2-carboxyhc acid ethyl ester (277 mg, 0 428 mmol) in methanol (4 ml) was added 3N potassium hydrox- 
ide (1.5 ml, 4.5 mmol). The solution was warmed to about 60°C for about 2 hours, cooled, and concentrated in vacuo 
to remove the methanol Acetonitrile was added, and the solution was concentrated again. The pH of the aqueous 
'5 solution was adjusted to 5.5 by careful addition of 1 N hydrochloric acid. The precipitate was filtered, washed with 
water, and dried in air, then under vacuum, to give the title compound (185 mg). 

The title compound can be purified by reverse phase HPLC. A Prodigy 50x250mm 1 0um C-1 8 (Phenomenex 2320 
West 205th Street, Torrance, Ca 90501) column is equilibrated to a steady baseline with 75% 0.1% TPA in distilled 
doionized water and 25% HPLC grade acetonitrile. The residue is dissolved in 20 ml of the mobile phase to which is 
^0 added a few drops of TFA The sample is injected onto the column and eluted with a gradient from 75 bLJffcr:25 ace- 
tonitrile to 65 buffer. 35 acetonitrile in 30 mm, at 1 00ml per rnin. The desired peak elutes in 20.5-25 min. These fractions 
arc combined and concentrated to remove acetonitrile, and frcezc-dricd to give a white powder. 

Fy =imnin P 

25 

5T2-(2-Hydroxy-3-phcnoxv-propylamino)-propyl]-1 -(4-mclhoxycarbonyl-mothanesulfonylamtno-benzyl)-1 H-indole- 
2<arboxylic acid 

2a. 5-Bromo-1 -(4-nitro-benzyl)-1 H-indolo-2-carboxylic acid 

30 

To a stirred solution of 5-bromo-1-(4-nitro-benzyl)-1 H-'ndole-2-carboxylic acid ethyl ester (2.3 g, 5.7 mmol) in eth- 
anol/watcr (2:1, 45 ml) at room temperature was added potassium hydroxide (0.96 g, 17.1 mmol). The solution was 
warmed to reflux for about 3 hours, cooled, and most of the othanol was removed under reduced pressure. To the 
residue was adde-d water, 0 5N sodium hydroxide and methylene chloride, and the two-phase mixture was suction 
-^5 filtered to remove some insoluble material The aqueous layer was acidified to pH 2 with 6N hydrochloric acid, and the 
precipitate was filtered off, washed with water, and air dried to afford the title compound, (1.66 g). 

2b 5-Bromo-1-4-nitro-benzyl)-1H-indole-2-carboxylic acid benzyl ester 

To a mixture -'tf 5-bromo-1 ^(4-nitro-bcn7yl) 1 -H-indolo 2-cafbo<ylic acid (1 .66 g, 4.43 mmol) and sodium bicarbo- 
nate (0 93 g, 11.1 mmol) in dry dimethylformamtde at room temperature under nitrogen was added benzyl bromide 
(2 275 g, 1 .58 ml, 1 3.3 mmol). The reaction mixture was warmed to about eo^C for about 16 hours and then the mixture 
was ccoled diluted with ethyl acetate, washed with dilute sodium bicarbonate solution and brine, dried over sodium 
SLiifate. and conc---ntrato<J if] vdcuo. fhc rosull-rig rosidue was flash chromatograpficd on silica (60 y) with 20'"o ethyl 
'^5 acetate/hexanes. The purified product was taken up in hot lolucne/heptane and allowed to crystallize slowly. The light 
brown solid was washed with heptane and dried in air, then under vacuum to give the title compound (1.73g), 

2c 1 -(4-Ni t ro-bcnzyl)-5-(2-oxo-propy!}-1 HHndolo-2-c;-irbo x y!)c acid benzyl ester 

' A f olution of brcmo-1 -(4 nitro bcn/yl) 1 H indolc-2- irboxyhc acid bcn/y! ester (1 733 g, 3 72 rT^.mol). tr!l:)iJly!tin 

fru lho do f1 79 g, 1 6 nil, 5 58 mmol). tsnprofonyl H'::o1r)lo (0 56 0 61 ml. 5 58 mmol), palladiurii (II) acetate (41 5 
rnc: 0 1 Q iTvno ) Hdd tf i o-!oly Iphosphif.e ( 1 1 3 mg f) 3/ nifncl) in toluono (5 iTil) was heated at Hbout '^^bT. uiitiof nitrognti 
Il'I abcut G hours. The- reaction solulion was (.:oo!oci, cc^ricxntiatcd in vjcuo, and cubjcctod to flash chrt^matogfapfiy 
on GtliCd (1C'5 g, 30% e thyl acGtalc/hcxancs) The partiaily pure prciduct was ro-chromatographod on sihca (12 g, 50"o 
methylene chloride/he'^anes) to give the title compound (547 mg) 
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2d 5-[2-(2(S)-Hvdroxv-3-phcnoxv-propYiamino)-propvl]-V(4-nitrobcnzvl)-1H-indolG-2-carboxvlic acid benzyl ester 



To a solution of 1 -{4-nitro-benzy!)-5-(2-oxO'propyi)-l H'indole'2-carboxylic acid benzyl ester (540 mg, 1.22 mmol) 
and 1-amino-3-phenoxypropan-2(S)-ol (245 mg, 1.46 nnmol) in dichloroethane (20 ml) was added powdered sodium 

5 sulfate (1 .73 g, 1 2.2 mmol), and the mixture was stirred for about one hour at room temperature under nitrogen. Acetic 
acid (87.9 mg, 0.094 ml, 1 .46 mmot) and sodium triacctoxyborohydride (388 mg, 1 .83 mmol) were added. After about 
6 hours, additional sodium triacetoxyborohydride (194 mg, 0 915 mmol), acetic acid (0.2 ml. 3.5 mmol) and 1-amtno- 
3-phcnoxypropan-2(S)'Ol (122 mg, 0.73 mmol) were added, and !he mixture was stirred for about two days at room 
temperature under nitrogen. The reaction was then diluted with methylene chloride, washed with dilute sodium bicar- 

10 bonate and brine, dried over sodium sulfate, filtered, and the solvent was removed in vacuo. The residue was flash 
chromatographed on silica (55 g), eluting with 5% mothanol/melhylone chloride, to give the title compound (500 mg) 
as a mixture of diastcreomcrs. 

2e. 5-{2Ttert-Butoxvcarbonvl-f2(S)-hvdroxv-3-phenoxy-propyl)-amino]-propvl)-1-(4-nitro-benzvl)-lH-indolo- 
is 2-carbo xvlic acid benzyl ester 

To a solution of benzyl 5-[2-(2(S)-hydroxy-3'phenoxy-propylamino)-propyi]-1 -(4-nitro-benzyl)-1 H-indole-2-carbox- 
yiic acid benzyl ester (476 mg, 0,8 mmol) in methylene chloride (20 ml) stirring at room temperature under nitrogen 
was added di-fort-butyl dicarbonato (210 mg. 0.96 mmol) The reaction was stirred for about two days, the solvent was 
removed tn vacuo, and the residue subjected to flash chromatography on silica (25 g, 22% ethyl acetate/hexanes) 
affording a total of 554 mg of the f-BOC-protccted diastereomers (200 mg of each of the diastereomers was isolated 
cleanly, with the remainder of the material being a mixture of the diastereomers) 

/I I -|4-MfMinU-ueilj: yi)- Jjir:-|lUi L-uuiuAyL-ai uui iyi-\^-i ly^^tv^Ay O j^.-^-^j./ ^ 

ac'd 

To a solution of 5-{2-[tert-butoxycarbonyl-(2(S)-hydroxy-prGpyl)-aminol-propy!}-1 -(4'nitro-benzyl)-1 H-indole- 
2-carboxylic acid benzyl ester (134 mg, 0.19 mmol) in THF (6 ml) was added 14 mg of 10% Pd/C catalyst. The reaction 
miKturc was hydrogenatod on a Parr shaker at 45 psi for about 4 hrs and then filtered to remove the catalyst. The 
30 liltratc was concentrated under reduced pressure to afford a yellow foam (112 mg), AP-MS 572. 

2g. 5-[2-(2-Hvdroxv-3-phcnoxv-propvlamino)-propyl1-1-f4-melhoxv-carbonYl-mcthanesulfonvlamino-benzvl)-1H- 
i ndo!c-2-carboxylic acid 

35 To an about -78X solution of 1 -(4-aminO'benzyl)-5-|2-[tert'bu1oxy-carbony!-(2-hydroxy-3-phenoxy-propyl)-ami- 

no] propyl}- 1H-indolG-2-carboxylic acid (110 mg, 0.19 mmol) in methylene chloride (12 ml) was added tricthylamine 
(59 ml, 0.43 mmol) and chlorosullonyl-acetic acid methyl ester (39.9 mg. 0.232 mmol). Alter stirring for about 15 mins 
.^rd then allowing to warm to ambient temperature over about 1 hr the solution was partitioned between water and 
methylene chloride and then the organic layer was washed once with bnnc, dried over sodium sulfate, filtered, and 

-^0 tnon ccnccntratcd m vacuo\o afford a foam (121 m()) Th'S foam wa:5 rcdissolvod in methylene chloride (7.5 ml) and 
cooled to about O^'C before adding 2.5 ml of TFA (to generate a 25%. TFA solution). The reaction mixture was stirred 
for about 1 5 h at room temperature, concentrated and azeotroped with heptane. The title compound can be purified 
!: V 'CVCTSO phase HPL C usinq the conditions described m Fxample 1 AP- MS 608 

■^s Pic paration 1 

5- BromQ-1 -(4-nitro-ben/yl)-1 HHndole-2-carboxylic acid ethyl ester 

:.tirnng solution ot -^-bromo-l M-indolc-2-c, ifboxvhc acid oUiyl ester i2 68 g, 10 mmol, tCN) in dry dimcthyi- 
! r,[.:(o>:icjo (42 m!) at room tcrTipcraturc under nilrogon wris atitJoti srxJiurii liydndo (2G4 mg, 11 mmol) as a slurry m 
!■! in foui ocjUHl per ion:; over about ton minutes 4-K'i'[cbcn/yl b'omide (2 16 g 10 mmol) in dry dimcthylsulfoxide 
(12 rril) was adcJod dropwisc over about five minutes The [fixture w,is stirrnd 2 houfs, poured into water (50 ml) and 
c> tra:;1od with ethyl acetate. I he solution was washeci wilM brine, dried over sodium sullatc, tiltcrcd, and concentrated 
in vacuo The residue was flash chromatographed cn silica gel (llOg, rTiethylcne chloride) to give tho title compound 
55 (328g) 



EP 0 822 185 A1 

Preparation 2 

1 -(4'Nitro-bonzvl)-5-(2-oxo-propvl)-lH-indolo-g-carboxvlic acid ethyl ester 

5 A solution of 5-bronno-1-{4-nitro^benzyl)-1H-indole-2-carboxylic acid ethyl ester (3.28 g, 8.13 mmol), tributyltin 

methoxide (3.92 g, 3.51 ml, 12.2 mmol), isopropenyl acetate (1 22 g, 1.34 ml, 12.2 mmol). palladium (II) acetate (91 
mg. 0 41 mmol) and tri-cvtolylphosphlne (248 mg, 0 813 mmol) in toluene (10 ml) was heated at about 95**C under 
nitrogen tor about 3 hours. The reaction solution was c;oolcd, concentrated in vacuo, and subjected to flash chroma- 
tography on silica (200 g, gradient from 10% ethyl acctate/hexane to 40% ethyl acetato/hexane), and then the partially 

w pure product was rccrystallized from toluene/heptane to give the title compound (1 .91 g). 

Preparation 3 

5-(2-Methvl-f1,31dioxoian-2-vlmethyl)-1-(4-nitro-benzyl)-1H-indolc-2'Carboxvlic acid ethyl ester 

A solution of 1-(4-nilro-bcnzyl)-5'(2-oxo-propyl)-1f-^-indolc-2-carboxylic acid ethyl ester (1.91 g, 5.03 mmol), eth- 
ylene glycol (406 mg. 0.365 ml, 6.54 mmol), and p-tolucnesulfonic acid monohydrate (110 mg, 0.58 mmol) in toluene 
(50 ml) was heated to about 150 "C under a Dean-Stark trap under nitrogen for two hours. The solution was cooled, 
diluted with ethyl acetate, washed with dilute sodium bicarbonate and bnno, dried over sodium sulfate, filtered, and 
dried under reduced pressure to give the title rompcund in crude form (2.4 g), which was reacted without further 
purification 

Pre paiation 4 

1 -(4 Amino-bcnzvl)-5-(2-mcthyl-|1,31 dioxolan-2-ylmGlhyl)-1 H-indole-2-carboxvlic ac id ethyl ester 

A solution of crude 5-(2-methyl-[1 ,3] dioxolan'2-ylmethyl)- 1 '(4-oitrobenzyl)-1 H-indole-2-carboxylic acid ethyl ester 
(2 4 g =5 mmol) in dry tetrahydrofuran (20 ml) was shaken in a Parr apparatus with 10% palladium on carbon (200 
rngi under 40 psi hydrogen for about four hours. The mixture was filtered and evaporated under reduced pressure to 
30 give the title compound (2.03 g), which was reacted without further purification. 

Preparation 5 

1-[4-(2.2,2-Trifluoro-ethanesulfonv!amino)-ben7yn-5-f2-rnethyl-[1.3]dioxolan-2-vlmethvl)-lH-indole-2-carboxylic acid 
35 ethyl ester 

To a solution of c rude 1 -(4^arTnino-bcnzyl)-5-(2-methyl-[1 ,3] dioxolan-2 ylmethy!)M H-indole-2-carboxyiic acid ethyl 
ester (2 g, =5 mmol) in methylene chloride (25 ml) stirring at about -78 °C under nitrogen was added triethylamine 
(1..:8g, 1 76 ml, 12.7 mmol). The mixture was stirred for about two minutes, and 2,22-trifluoroethancsuIfonyl chloride 
{ 2.0 3 g, 1 .23 ml, 1 2 7 mrno)) was added dropwise i'/.9syrngo over about five minutes The mixture was stirred at about 
-78 "C for about 45 minutes, then diluted with methylene chloride and water and warmed to room temperature. The 
organic layer was washed with brine, dried over sodium sulfate, and concentrated in vacuo to an oil. The oil was taken 
\io in methanol (30 nilj and tricthvlamino f 1 mh r:nd ntirrcd for about two hours at room temperature The mixture was 
poured into halt-saturated ammonium chloride and extracted into ethyl acetate. The ethyl acetate was washed with 
brine, dried over sodrum sulfate, filtered, and evaporated to give the title compound (2.85 g) as a foam containing some 
impurities, which was reacted without further purification 

^ reparation 6 

1 1:L ■ ^' ■ 2-Triflu oro- o1hanr T.tjllonvlamino)-bon/ v[| c^xo prop yl}- 1 H-in ' :joio-2-caihoxyltc acid ethyl est er 

Id a solution of ciudc 1 -j4-[2.2,2-lMfluc>rO'f)ih;uiOsulfrmylamino)-bon^y(]-5-(2-mothyt-[1 ,3) dioxoIan-2-ylrTiothyl)- 1 
l-i-indole-2-cRrboxyli: acid ethyl ester (2.65 q, --o rrifnol) in acetone (GO ml) was added concentrated sullunc acid (0 b 
ml) The solution ivas stirred at room toinpernturo for al" rut 45 minutes, and most ol the solvent was removed uncior 
forjijcod pressurn The residue was taken up in etiiyl arctalo. washed with water and brine, dried over sodium sulfate, 
and concentrated in vacuo The residue was purified bv flash chromatography (silica, 130 g) cluttng with a gradient 
from 30"'i, ethyl arotnte/hoxann to 40";, ethyl acetatclu^ /ane to give the title compound (1 48 g) 
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Preparation 7 

5-[2-f2S-Hvdroxv-3-phenoxv-propvlamino)-pfopv[]-1-[4-(2 2.2-Trinuoroethanesulfonvlamino)-benzvn-lH-indole- 
2'Carboxvlic acid ethyl ester 

5 

To a solution of 542-(2S'hydroxy-3-phenoxy-propylarTiino) propyl]--t-[4-(2,2,2-tnfluoro-othanesutfonylarTiino)-ben- 
zyl]-1 H-indo!e-2-carboxyl)c acid ethyl ester (1.48 g, 2 98 mmol) and 1-amino-3-phenoxypropan-2(S)-ol (602 mg, 3 6 
mmol) in dichloroolhane (40 ml) was added powdered sodium sulfate (4.23 g, 29.8 mmol), acetic acid (216 mg, 0.205 
ml, 3,6 mmol) and sodium triacetoxyborohydride (947 mg, 4.5 mmol). The mixture was stirred at room temperature 
w undernitrogen for about 4 hours, and then additional 1 -amtno-3-phcnoxypropan-2(S}-ol (200 mg, 1 2 mmol) and sodium 
triacetoxyborohydride (300 mg, 1.42 mmol) were added The mixture was stirred for about 16 hours, filtered, and 
concentrated under reduced pressure. The residue was taken up in ethyl acetate, washed with dilute sodium carbonate 
and brine, dried over sodium sulfate, filtered, and the solvent was removed in vacuo The residue was purified by flash 
chromatography (silica, ICS g). etuting with 5% mcthanol/mothvlenc chloride, to give the title compound (1 26 g). 



Claims 

1. A compound of the formula I 




the racemic-cnantiomeric mixtures and optical isomers o1 said compounds, prodrugs thereof and pharmacouttcally 
acceptable salts thereof, 
3S wherein 

R1 is an optionally substituted phenyl, phenoxyalkyi having 1 to 4 carbons in the atkyi portion where the phcnoxy 
portion is optionally substituted, optionally substituted pyridinyl, optionally substituted pyrimidyl, optionally substi- 
tuted Ihiazolyl or optionally substituted oxazolyl; 

.;o i\hcrG the optionally substituted mo otios ct H' are oplionr-ihy substituted with one to throe substituonts, each 

substituent is independently selected from the group consisting of hydroxy, fluoro, chtoro, iodo, bromo, nitro, 
CF3, cyano, sulfonamide, (CTCe)alkyl optionally independently substituted with one or more halo atoms, (C^- 
":-lalkox7 optionally indopcndontlv substitutod with oiio or more halo atoms carboxy hydroxyalkyl. fC,-C4l 
alkoxycarbonyl, (Ci-C5)alkylthio, sulfonyl, sulfinyl, ^NX^X-, -NH-CO-(CH2)3-(phcnyl), -NH'CO-(CTCio)^^l^y'^ 

45 -NH-SO^-(CH2)a-(phenyI) and -NH-S02-(CTCio)a"<yl: 

a for each occurrence is independently 0, 1 , 2, 3 or 4; 

XI and X2 tor each occurrence arc each independently hydrogen, (G,-C6)alkyl, (Ci'G8)alkoxy(Ci-Og)alkyt, or 
(|^.3-Cg)c ycloalkyi, or X^ and X^ are taken together with the FTitrogen atorn to which they are attached and form 
a saturated heterocyclic ring having *rofTi 3!o / carbon atoms where onool said carbon atoms ol sai J saturated 
hctorocyclic ring is optionally replaced by oxyqon. 'vtroqon or suKur: 
R- ir, fiycifogon or (C j-C f^ialkyl. 

IS hydrogen or (C T-L p)alkyl optionally tndnpnnfiontly substituted with one or morn halo atoms, 
is hydrogen or {C ^-C^ )alkyt optionally incfopcndontly substituted with one or more halo atoms anci 
Tv^ IS hydrogen or (C, -'J4)a!kyl 

?^ 

2. A compound according to claim 1 wherein is phenoxyalkyi having 1 to 4 carbons in the alkyl portion. 
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4. A compound according to claim 3 wherein is (Ci-Ce)alky!. 

5. A compound according to claim 4 wherein is hydrogen, methyl or ethyl 
5 6. A compound according to claim 5 wherein RMs phcnoxymcthyiene. 

7. A compound according to claim 6 wherein is methyl. 

8. A compound according to claim 7 wherein R^ is hydrogen or methyl 

10 

9. The compound according to claim 1 of the formula 



OH H 




COOH 



2S 

10. The compound according to claim 1 of the formula 



30 



35 




COOMe 



40 

11, A pharmaceutic:.! composilmn -ompnninq n compound :.ccorrJing to daim 1 or prodrug thoroof, or n phnrma 
cculically acceptable salt of said compound or prodrug and a pharmaceutically acceptable carrier. 

45 

12. A method of selectively activating a [^'adrenergic receptor in humans or an animal, comprising administering to 
said humans or animal in need ot such activation an effective amount of a compound of formula (I) or a prodrug 

thorcof, cr a pharmaceutically acceptable salt of said compound or prodrug, according to claim 1 

^■^^ 13. A moihod according to claim 1? whore tho animal n rlog 

14. A moUiod ot t;Orittnq a -onditmn spIocIocI Uom tho cjr-np con-isting of diabctos, hyperglycemia and obesity ifi h 
mammal, comprising administering to a mammal in need of such Ireatmcnt an effective amount of a compound of 
formula (1), or a prodrug thereof, or a pharmaceutically acceptable salt of said compound or prodrug, according to 

^■^ claim 1 

15. A rriothod of incre.ising the coriiont iM 'can moat in aninnnls comprising administering to an animal an ctfcctivo 
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or prodrug, according to claim 1 . 

1 6. A method for treating prostate disease in a mammal comprising administering to a mammal in need ot such trcat- 
moot an etiective amount of a compound of formula (!), or a prodrug thereof, or a pharmaceutically acceptable 
sail of said compound or prodrug according to claim 1 

17. A method of treating intestinal motility disorders in a mammal comprising administering to a mammal in need of 
' such treatment an effective amount of a compound of formula (I), or a prodrug thereof, or a pharmaceutically 

acceptable salt of said compound or prodrug according to claim 1. 

18. A method of treating depression in a mammal comprising administering to a mammal in need of such treatment 
an effective amount of a compound of formula (1). or a prodrug thereof, or a pharmaceutically acceptable salt of 
said compound or prodrug according to claim 1 

1 9. A method of treating dyslipidemia in a mammal comprising administering to a mammal in need of such treatment 
an effective amount of a compound of formula (I), or a prodrug thereof, or a pharmaceutically acceptable salt of 
said compound or prodrug according to claim 1 

20. A method for treating airway inflammatory disorders in a mammal comprising administering to a mammal in need 
of such treatment an effective amount of a compound of formula (I), or a prodrug thereof, or a pharmaceutically 
acceptable salt of said compound or prodrug according to claim 1. 

21 . A food promix comprising a compound according to claim 1 , or a prodrug thereof, or a pharmaceutically acceptable 
salt of said compound or prodrug and one or more carriers. 

22. A high potency concentrate compnsing a compound according to claim 1. or a prodrug thereof, or a pharmaceu- 
tically acceptable salt of said compound or prodrug and one or more carriers. 
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